Background: Distress intolerance is linked to the maintenance of panic disorder and cigarette smoking, and may underlie both problems. Method: Smokers (n = 54; 40.7% panic disorder) were recruited for an experimental study; half were randomly assigned to 12-hour nicotine deprivation and half smoked as usual. The current investigation consisted of secondary, exploratory analyses from this larger experimental study. Four distress intolerance indices were examined as predictors of anxious responding to an emotional elicitation task (10% carbon dioxide (CO 2 )-enriched air challenge); anxious responding was in turn examined as a predictor of post-challenge panic and nicotine withdrawal symptoms. Results: The Distress Tolerance Scale (DTS) was significantly negatively associated with anxious responding to the challenge (β = −0.41, p = 0.017). The DTS was negatively associated with post-challenge increases nicotine withdrawal symptoms indirectly through the effect of anxious responding to the challenge (b = −0.485, CI 95% (-1.095, -0.033)). This same indirect effect was found for post-challenge severity of panic symptoms (b = −0.515, CI 95% (-0.888, -0.208)). The DTS was directly predictive of post-challenge increases nicotine withdrawal symptoms, in the opposite direction (β = 0.37, p = 0.009), but not panic symptom severity. Conclusions: Anxious responding in response to stressful experiences may explain the impact of perceived distress intolerance on panic and nicotine withdrawal symptom expression.
Introduction
There are established bidirectional relations between panic psychopathology and cigarette smoking (Abrams et al., 2008a; Cosci et al., 2010; Zvolensky and Bernstein, 2005) . For example, cigarette smoking is prospectively associated with an increased risk of panic attacks and panic disorder (Breslau and Klein 1999; Breslau et al., 2004; Johnson et al., 2000) and, conversely, panic psychopathology is associated with smoking maintenance (e.g., Farris et al., 2014b) and poorer cessation outcomes (Piper et al., 2011) . These interrelations may, in part, be understood by a shared diathesis. Indeed, growing evidence suggests that one's perceived or objective ability (or inability) to withstand aversive emotional or physiological states (i.e. distress intolerance) is linked to problematic substance use as well as affective symptoms and disorders (Leventhal and Zvolensky, 2015; Leyro et al., 2010) . Indeed, existing literature on distress intolerance suggests it is a key vulnerability factor associated with cigarette smoking maintenance (e.g. Brown et al., 2005) and panic psychopathology (e.g. Keough et al., 2010) . Specifically, as compared with nonsmokers, smokers are less able to tolerate distress (e.g. pain via a Cold Pressor task, Pulvers et al., 2012; Mirror-Tracing Task, Quinn et al., 1996) , and high distress intolerant smokers, in particular, are more likely to drop out of cessation programs (MacPherson et al., 2008) , and are more likely to lapse during a self-guided quit attempt (Abrantes et al., 2008; Brown et al., 2005) and in experimental relapse analogue tasks (Kahler et al., 2013) . In addition, distress intolerance is related to cognitive processes that may perpetuate smoking behavior. For example, distress intolerance is linked to greater expectancies about the negative reinforcement properties of smoking and smoking to reduce negative affective states (Leyro et al., 2008) , and in the context of acute abstinence, distress intolerance may enhance smoking reinforcement (Perkins et al., 2010) .
In regard to anxiety and panic symptoms, distress intolerance appears to importantly mark risk for more severe psychopathology (Schmidt et al., 2006) . Theoretically, it is posited that higher levels of distress intolerance may be associated with greater tendencies to react with fear to aversive interoceptive provocation (Schmidt et al., 2011) . Indeed, perceived distress intolerance is directly (Keough et al., 2010) and indirectly associated with self-reported panic symptoms (Kraemer et al., 2013) . Lastly, bio-behaviorally indexed distress intolerance is associated with greater physical anxiety concerns (a domain-specific effect; Johnson et al., 2012) and greater traumatic stress hyperarousal symptoms .
Initial cross-sectional investigations examining smoking/panic interplay have found that among smokers, physical distress intolerance is directly and indirectly associated with more severe arousal-based anxiety symptoms (Brandt et al., 2012; Farris et al., 2014a) . Experimental work has found that, among a sample of smokers who underwent two voluntary hyperventilation challenges, greater panic-reactivity during the first challenge predicted shorter persistence during the second voluntary challenge (i.e. shorter latency to discontinuing interoceptive provocation task; Marshall et al., 2008) . Together, these findings suggest that the in ability to tolerate distress may place smokers at greater risk for panic-relevant symptoms and in vivo responding to a physiological stressor.
Parallel lines of research have independently, and to a lesser extent simultaneously, examined the role of distress intolerance in terms of smoking-and panic-relevant clinical outcomes. However, to our knowledge, work to date has (a) not utilized a multi-method assessment of distress intolerance to examine panic-cigarette smoking associations, and (b) been limited to examining panicrelevant outcomes. In addition, this work has not consistently examined these panic-smoking relations in the context of a stressor task or negative affective states. This is particularly relevant to smoking given smoking deprivation experienced in the early stages of cessation (e.g. 24 hours after quitting) can be conceptualized as critical 'window' for experiencing acute distress (Shiffman et al., 2004) . Second, examination of the relation between distress intolerance and nicotine withdrawal in response to a physiological stressor may clarify mechanisms at play in the relation between stress and nicotine withdrawal severity.
To fill these gaps, the current investigation consisted of exploratory secondary data analyses from an experimental study (Leyro and Zvolensky, 2013) to test the role of distress intolerance in terms of panic symptom severity and changes in nicotine withdrawal symptoms experienced after a biological challenge (10% carbon dioxide (CO 2 ) challenge). Biological challenge paradigms have been utilized in experimental psychopathology research to produce physiological sensations associated with anxiety/panic-like symptoms (e.g. chest discomfort, dizziness, sweating, shortness of breath; Abrams et al., 2008a; 2011a , 2011b . In addition, distress intolerance is most frequently conceptualized as a domain-general trait (Trafton and Gifford, 2011) , that an individual's ability to remain in contact with distress is theoretically situationally indiscriminant. Based on this conceptualization of distress intolerance, we expected that among the pre-challenge measures of distress intolerance, the domaingeneral index (per the Distress Tolerance Scale; DTS) would be the most robust predictor (relative to domain-specific measurements; Bernstein et al., 2011) of (a) anxious responding to the CO 2 challenge, and (b) post-challenge clinical processes (panic symptoms severity and increases in withdrawal symptom relative to pre-challenge). Anxious responding to the CO 2 challenge was expected to be directly predictive of post-challenge severity of panic symptoms and changes nicotine withdrawal symptoms, and indirectly account for the relations between distress intolerance on post-challenge outcomes.
Method and materials

Participants and procedures
Participants were non-treatment-seeking smokers, approximately half of whom met criteria for panic disorder (as defined by DSM-IV-TR; APA, 2000) , who were recruited to participate in a 2-day experimental study (the parent study) examining aspects of panic disorder and nicotine withdrawal (Leyro and Zvolensky, 2013) . Inclusion criteria included: (1) being a daily smoker for at least the past year (cigarettes per day ⩾ 7); (2) being 18-65 years old; and (3) reporting a willingness to abstain from smoking for a 12-hour period. Exclusion criteria included: (1) a current medical condition that contraindicated CO 2 administration (cardiovascular, endocrine, pulmonary, respiratory (including severe asthma), or gastrointestinal illness); (2) having decreased the number of cigarettes smoked per day by more than half in the past 6 months; (3) limited mental competency (not oriented to person, place, or time) and the inability to give informed, voluntary, written consent to participate; (4) pregnancy or the possibility of being pregnant (by self-report); (5) current use of nicotine replacement therapy; (6) current or past history of psychotic-spectrum symptoms or disorders; (7) current substance dependence; (8) prior experience with CO 2 challenge; (9) suicidality (assessed using the SCID-I/NP; suicidality/depression section); and (10) any current use of psychotropic medication which could impact the effectiveness of the laboratory challenge.
Baseline visit. At the first visit, participants were assessed for current (12 months) Axis I psychopathology using the Structured Clinical Interview-Non-Patient Version for DSM-IV Disorders (SCID-I/NP; First et al., 2007) , to assess study eligibly. Smoking rate and history were assessed with the Smoking History Questionnaire (Brown et al., 2002) , and nicotine dependence via the Fagerström Test of Cigarette Dependence (FTCD; Fagerström, 2012) . As part of the baseline assessment, four distress intolerance tasks were completed (described in Measures section), in addition to a larger self-report battery (not utilized in the current secondary analyses). As a function of the parent study design, participants were randomly assigned to either smoking deprivation for 12 hours prior to their laboratory visit, or to smoke as usual. This manipulation was primarily utilized to ensure variability in nicotine withdrawal symptom severity prior to the biological challenge.
Experimental visit. During the laboratory visit, smoking deprivation was verified via carbon monoxide analysis of breath sample (<10 ppm, Cocores, 1993) ; all higher scores were considered as smoking as usual. Following this, participants were fitted with a breathing mask and physiological monitoring equipment to assess continuous pCO 2 , respiration, heart rate, and skin conductance. During a 10-minute baseline period, participants were asked to sit still and relax, and were given regular room air through the mask. During the 4-minute challenge portion of the procedure, participants breathed 10% CO 2 -enriched air, a validated method of inducing panic-relevant responding. Following this, participants completed a 10-minute recovery period during which they again were given regular room air through the mask. Participants were not notified when the CO 2 air was turned on or off; however, they were told that that baseline and recovery periods would last 10 minutes, while the challenge portion would last 4 minutes. Following the recovery period, participants were unhooked from the mask and monitoring equipment, debriefed, compensated $40, and sent home (for additional details regarding the sample and study procedures, please see Leyro and Zvolensky, 2013) .
In the present secondary analyses, participants were included on the basis of having all available data on all study-specific variables (n = 54; M age = 30.0, SD = 12.3; 46.3% female). Participants were primarily white (96.3%) and the majority completed at least part of college (63.0%). The average daily smoking rate of this sample was 18.8 cigarettes (SD = 6.8), and severity of cigarette dependence was reported as low to moderate (FTCD; Fagerström, 2012: M = 3.7, SD = 1.82). The mean latency to smoking initiation after waking was 33.5 minutes (SD = 39.9 minutes); 70.4% (n = 38) of participants reported smoking within the first 30 minutes after waking. 1 The average number of current (past year) Axis I psychological disorders was 1.2 (SD = 1.4), and 40.7% (n = 22) met criteria for panic disorder (as defined by the DSM-IV-TR). For complete descriptive information on psychopathology in the sample, please see Leyro and Zvolensky (2013) . Half of the sample (n = 27; 50.0%) were randomized to 12-hour smoking deprivation and the other half smoked as usual.
Measures
Indices of distress intolerance. The DTS (Simons and Gaher, 2005 ) was used to index participants' perceptions of their ability to tolerate mental distress. The DTS is composed of 15 items answered on 5-point Likert-type scales ranging from (1) strongly agree to (5) strongly disagree that evaluate participants' ability to experience and endure negative emotional states. Items are summed and a mean score is computed; the possible range is 1-5, with higher scores reflecting greater tolerance (lower intolerance) for distress. This scale has good psychometric properties, including high internal consistency and appropriate convergence with other self-report ratings of affective distress and regulation (Simons and Gaher, 2005) , including among smokers (Leyro et al., 2011) . The scale incorporates items that assess appraisal, tolerance, absorption, and regulation.
The Discomfort Intolerance Scale (DIS; Schmidt et al., 2006 ) is a 5-item self-report measure that assesses the degree to which a respondent agrees with statements related to their perceived intolerance of physical distress or discomfort (e.g. "I take extreme measures to avoid feeling physically uncomfortable") on a 7-point Likert-type scale (0 = not at all like me to 6 = extremely like me). Possible scores range from 0-30, with higher scores reflecting greater intolerance for physical discomfort. The DIS has demonstrated good psychometric properties in past work (Mitchell et al., 2013; Schmidt et al., 2006) .
The Breath-Holding Task (Asmundson and Stein, 1994 ) is a behavioral assessment of distress intolerance. During the task, participants are read a standardized script instructing them how to complete the task. The script prompts participants to inhale as deeply as possible and then exhale once a full breath is achieved. At the completion of the exhalation, the participants, again, breathe in as deeply as possible and, this time, are prompted to hold their breath as long as they can (Asmundson and Stein, 1994) . The length of time the participants are able to hold their breath is recorded via a stopwatch. No encouragement is given by the experimenter to promote duration. This task was then completed again. Here, the first and second breath-holding trials were highly correlated (r = 0.91, p < 0.001). The second trial was used in the current study. This task has been frequently used as measure of physical distress intolerance (Brown et al., 2009; Hajek et al., 1987) , with shorter durations of breath-holding indicating greater intolerance of physical distress.
The Computerized Mirror-Tracing Persistence Task (MTPT-C; Lejuez et al., 2003) is a behaviorally oriented assessment that measures an individual's ability to complete a difficult and frustrating computer task (e.g. latency to end the mirror-tracing task). The MTPT-C directs participants to trace a red dot along the shape of a star using a computer mouse; the computer mouse is programmed such that the mouse and cursor move in opposite directions of one another (e.g. when the mouse is moved left, the cursor moves right). If participants fail to move the mouse or move the mouse outside the lines of the shape, a loud buzzer sounds from the computer, and the cursor moves back to the beginning position. Although not aware of a time limit, participants were given up to 300 seconds to complete the task, with shorter latency to end the task being used as an index of distress intolerance. No monetary reward was provided for MTPT-C performance in the current study.
Anxious responding to CO 2 challenge. Participants were asked to rate their Subjective Unit of Distress (SUDS; Wolpe, 1958) from 0 (no anxiety) to 100 (extreme anxiety) on a visual analogue scale before the challenge procedure, after each minute of the challenge procedure, immediately after the challenge, and following each recovery minute. For the current analysis, each participant's rating of SUDS following minute three of the 10% CO 2 challenge was used to reflect their maximum distress (i.e. conceptualized as anxious responding to the CO 2 stressor). We chose this rating rather than the rating following minute 4 because the air was switched back to room air directly before participants were asked to give this rating. Therefore this rating may have been confounded by a sense of relief that the challenge had been terminated.
Post-challenge outcomes. Upon termination of the 4-minute 10% CO 2 challenge portion of the procedure, participants completed ratings of panic and withdrawal symptoms. The Diagnostic Symptoms Questionnaire (DSQ; Sanderson et al., 1988 Sanderson et al., , 1989 ) is a rating scale of 15 DSM-IV-TR panic symptoms that are rated on a severity scale of 0 (not at all) to 8 (very strongly felt). A mean score was computed, such that higher scores reflected more severe panic attack symptoms. The Minnesota Nicotine Withdrawal Scale (MNWS; Hughes and Hatsukami, 1986 ) was completed to index withdrawal symptom severity. The MNWS is an 8-item self-report of nicotine withdrawal symptoms, with items rated on a 6-point scale; higher scores reflect greater subjective withdrawal symptoms. A total score was derived from the mean response per item. The MNWS was completed pre-challenge to document pre-challenge subjective withdrawal. The MNWS was also completed post-challenge to examine changes in withdrawal post-CO 2 provocation. A difference score was computed to account for differences in prechallenge acute nicotine withdrawal (experienced as a result of the design of the parent study). Higher values from the change score reflected greater changes (increases) in withdrawal symptoms post-challenge.
Data analysis strategy
Analyses were conducted in AMOS 21.0 (Arbuckle, 2012) and path modeling using Maximum Likelihood imputation and estimation was employed. A path model was constructed to test the effects of the four distress intolerance indices in terms of predicting anxious responding to CO 2 provocation. The significant distress intolerance indices were also examined in terms of postchallenge panic symptoms and changes in nicotine withdrawal, directly and indirectly occurring through anxious responding to the CO 2 challenge. Gender and smoking rate (cigarettes per day) were tested as possible model covariates. Despite randomization of smokers to nicotine deprivation, the parent study did not observe a main effect for pre-challenge withdrawal in the pre-diction of challenge responding (Leyro and Zvolensky, 2013) . However, deprivation condition and panic disorder status were entered as predictors of anxious responding to the CO 2 challenge, to control for these effects beyond the distress intolerance indices. With regard to postchallenge withdrawal, the utilization of a MNWS change score accounted for pre-challenge variability by equating groups. 2 Model fit was assessed using the Comparative Fit Index (CFI) and the Root Mean Square Error of Approximation (RMSEA). CFI is a goodness-of-fit measure of the amount of variance and covariance in the data set accounted for by the implied model, with values 0.90 or above considered an acceptable fit (Kline, 2011) . A RMSEA of 0.05 or less indicates good model fit, and RMSEA under 0.10 is considered in the acceptable range (Kline, 2011) . Iterative model improvement was conducted in consultation of modification indices and conceptual meaningfulness.
Results
Descriptively, distress intolerance indices were as follows: DTS: M = 3.5, SD = 1.01 (observed range 1.1-5.0); DIS: M = 11.9, SD = 6.60 (observed range: 0-28); MTPT-C: M = 149.8 seconds, SD = 101.15 (observed range: 15.1-300.0 s); Breath-Holding: M = 61.7 seconds, SD = 27.56 (observed range: 15.0-136.0 s). CO 2 reactivity to the biological challenge was indicated by SUDS rating at minute 3 of the task: M = 63.9, SD = 34.99 (observed range: 0-100). Table 1 presents zero-order correlations between study variables. To assess current smoking status prior to the biological challenge, expired carbon monoxide breath sample analysis was conducted: average values at baseline for full sample were 17.7 ppm (SD = 7.29); and at the experimental visit was 4.7 ppm (SD = 3.74) for deprivation group and 20.3 ppm (SD = 8.18) for smoking as usual group (t(51) = 9.01, p < 0.001).
Next, a path model was constructed and examined in terms of its consistency with the theoretical model (see Figure 1 ). In the proposed path model, model fit was acceptable (χ 2 (19) = 24.23, p = 0.188; CFI = 0.91, RMSEA = 0.07). All four distress intolerance indices were examined in terms of predicting anxious responding to the CO 2 challenge. Error terms for distress intolerance measures (by measurement method; self-report versus behavioral task) were allowed to correlate with each other based on an a priori decision (McHugh et al., 2011) . Both behavioral measures of distress intolerance (Breath-Holding Task and MTPT-C) were inter-correlated (r = 0.33, p = 0.023), and both self-report measures of distress intolerance (DTS and DIS) were inter-correlated (r = −0.64, p < 0.001). No statistically significant cross-method bivariate correlations were observed (Table 1) . Gender (coded 0 = male, 1 = female) was added as predictor Breath-Holding duration (r = −0.41, p = 0.004), based on modification indices and theoretical relevance suggesting gender differences in this physical distress intolerance index (Hogan et al., 2015; MacPherson et al., 2008) . Smoking rate (cigarettes per day) was removed from the model based on modification indices. Only the DTS was significantly predictive of anxious responding during the CO 2 challenge (β = −0.40, p = 0.017), such that higher levels of distress intolerance were associated with greater SUDS ratings at minute 3 of CO 2 challenge. These effects were significant after adjusting for the non-significant effects of panic disorder status and deprivation condition on anxious responding to the CO 2 challenge. No other distress intolerance indices were predictive of anxious responding to the CO 2 challenge.
Next, a second model was constructed to test the effect of the DTS in predicting post-challenge panic symptom severity and Nicotine withdrawal per the Minnesota Nicotine Withdrawal Scale from pre-to post-challenge. Grey boxes with underlined correlation coefficients represent errors terms that were allows to correlate in path model (see Figure 1 ). a A change score from pre-challenge to post-challenge was used in analyses, but post-challenge raw scores were reported in table for meaningful interpretation. An average increase in withdrawal was reported post-challenge (increase M = 0.50, SD = 3.5).
changes in nicotine withdrawal symptoms directly and indirectly through the effect of anxious responding to the CO 2 challenge (Figure 2) . Model fit was excellent (χ 2 (7) = 3.73, p = 0.811; CFI = 1.00, RMSEA = 0.01). Panic disorder status was entered as a predictor of post-challenge panic symptom severity, and deprivation status was entered as a predictor of post-challenge changes in nicotine withdrawal symptom severity. Both of these covariates had non-significant effects. The DTS was allowed to correlate with baseline panic disorder status, based on modification indices (r = −0.42, p = 0.005) and theoretical relevance (Schmidt et al., 2011) . Results revealed that anxious responding to the CO 2 challenge was positively predictive of post-challenge panic symptoms (β = 0.65, p < 0.001) and increases in subjective withdrawal symptoms, relative to pre-challenge withdrawal (β = 0.32, p = 0.028).
There was a counterintuitive direct effect of DTS on post-challenge outcomes, such that the DTS was positively predictive of postchallenge increases in subjective nicotine withdrawal (β = 0.37, p = 0.009). The DTS was not associated with post-challenge panic symptom severity. Next, the effect of the DTS on panic and nicotine withdrawal outcomes was examined through the indirect effect anxious responding to the CO 2 challenge, which was tested using RMediation (Tofighi and Mackinnon, 2011) . Results indicated that the DTS significantly and negatively predicted changes in nicotine withdrawal which was accounted for by anxious responding to the CO 2 challenge, a*b = −0.485, SE = 0.273 (95% CI: -1.095, -0.033). Moreover, despite a non-significant direct effect, there was a significant negative association for the DTS on post-challenge panic symptom severity which occurred through the effect of anxious responding to the CO 2 challenge, a*b = −0.515, SE = 0.174, (95% CI: -0.888, -0.208).
Discussion
Literature supports the role of distress intolerance in the prediction of poor smoking cessation outcomes (Brandon et al., 2003; Brown et al., 2009 ), maintenance of anxiety psychopathology (Schmidt et al., 2011) , and as a mechanism linking smoking and anxiety (Marshall et al., 2008) . The current experimental study utilized a multi-methodological approach to further explicate the associations between distress intolerance in smokers in terms responding to a biological challenge stressor task. Here, only a self-report domain-general measure of distress intolerance (per the DTS) was (negatively) predictive of anxious responding to the CO 2 challenge. Interestingly, despite the bivariate association between the DTS and DIS, perceived emotional distress intolerance (per the DTS; e.g. "I can't handle feeling distress or upset") and perceived physical discomfort intolerance (per the DIS; e.g. "When I begin to feel physically uncomfortable, I quickly take steps to relieve the discomfort"), while related, appear to be distinct constructs with divergent predictive effects (Bernstein et al., 2009 . It is also worth noting that, consistent with prior work McHugh et al., 2011) , behaviorally indexed distress intolerance measures were inter-correlated, as were self-report measures, but no significant cross-method associations were observed. In addition, as expected, anxious responding to the CO 2 challenge directly predicted greater severity of panic symptoms postchallenge. Covarying for panic disorder status suggests that this effect may not be unique to panic-disordered individuals. This finding is consistent with other work that has found that CO 2 provocation reliably leads to increases panic arousal postchallenge, which is intensified among smokers relative to nonsmokers (Abrams et al., 2008b) , and complements the few prior experimental investigations that have specifically examined the role of reactivity to interoceptive challenges in the elicitation of panic-relevant arousal among smokers (Abrams et al., 2011a; Marshall et al., 2008; Vujanovic and Zvolensky, 2009) . Moreover, the current study uniquely found that anxious responding to the CO 2 challenge was significantly associated with post-challenges increases in nicotine withdrawal symptoms, relative to withdrawal symptoms prior to the task, and after covarying for the effects of the primary study manipulation of deprivation status.
Interestingly, the DTS was negatively associated with increases in nicotine withdrawal severity post-challenge and panic symptoms severity post-challenge, due to the indirect effect of anxious responding to the CO 2 task. That is, as scores on the DTS decreased (indicating higher distress intolerance), greater anxious responding to the CO 2 task was observed, which in turn accounted for increases in the experience of subjective nicotine withdrawal post-challenge and panic symptoms. The significant indirect effect findings are consistent with theoretical conceptualizations of distress intolerance, which suggest that this cognitive vulnerability factor is only 'activated' in the context of an emotionally stressful experience, giving rise to poorer emotional outcomes (for an example in trauma literature, see Vujanovic et al., 2013) . Prior work has found that smokers with high distress intolerance, in the context of negative affect, are at greater risk for smoking lapse (Abrantes et al., 2008) . Together, these findings underscore the importance of emotional context, suggesting that perceived distress intolerance may uniquely mark risk for panic psychopathology and smoking-relevant processes, when experienced in the context anxious responding/distress due to a stressor (e.g. CO 2 challenge), which is consistent with prior related work (Marshall et al., 2008) and theory . Importantly, without considering the context of the CO 2 challenge, the association between the DTS and the experience of changes in nicotine withdrawal post-challenge (but not panic symptom severity) was reversed. Potentially, this positive association of distress tolerance and nicotine withdrawal experiences can be understood by the tendency to (mis)attribute sensations experienced subsequent to the CO 2 challenge as nicotine withdrawal (versus CO 2 -related sensations), or is a spurious finding. Certainly, it would be important to replicate this direct effect finding.
These findings also offer unique clarification of mechanisms by which distress/stress exacerbates nicotine withdrawal. Despite a large body of research suggesting proximal changes in stress impact nicotine withdrawal severity and vice versa (Kassel et al., 2003) , placing these individuals at greater risk for continued use (Childs and De Wit, 2010; McKee et al., 2011; Todd, 2004) , little work has investigated mechanisms that may explain how stress relates to perceptions of nicotine withdrawal. Two clear possibilities exist: First, it is possible that stress leads to an actual increase in nicotine withdrawal symptoms. For example, stress-precipitated changes in physiology result in faster elimination of nicotine from the bloodstream (Schachter et al., 1977) . A second hypothesis is that intense and acute stress, such as that experienced during a biological challenge, results in physiological sensations that are indistinguishable from those experienced during nicotine withdrawal (Hatsukami et al., 1985) , thereby conflating symptom reports (Parrott, 1995; Todd, 2004) . This may be particularly relevant for smokers who are sensitive to, or unable to tolerate, such distress. In the present investigation, the observed relation between anxious responding to the CO 2 challenge (subjective distress to task) and change in nicotine withdrawal, as well as the indirect effect of anxious responding on the distress intolerancewithdrawal interplay, support the latter. This novel finding is consistent with theory suggesting that certain smokers with heightened risk for anxiety pathology (e.g. anxiety sensitivity; tendency to catastrophically interpret the meaning of anxiety and internal bodily sensations; Zvolensky et al., 2014) may subjectively report greater nicotine withdrawal symptoms, particularly in the context of stress (e.g. acute nicotine deprivation), making them more susceptible to greater reliance on smoking to manage discomfort/distress, greater nicotine dependence, and increased risk of lapse in the context of cessation.
There are several limitations that warrant mention. First, the current sample was small in size, thus these exploratory findings should be replicated in larger samples to increase confidence in the generalizability of the findings. Relatedly, the current sample consisted of community-recruited smokers who were primarily white, well-educated, and low-moderately nicotine-dependent smokers (e.g. 29.6% of sample reported smoking their first cigarette of the day after more than 30 minutes of waking). It is important to examine this model in a racially and socioeconomically diverse groups of smokers, and among those with higher levels of nicotine dependence. It is possible that in a more nicotine-dependent sample, distress tolerance may differentially impact withdrawal and panic effects. It is also worth noting, however, the changing characteristics of smokers in the United States (Center for Disease Control and Prevention, 2014), which documents the declining overall smoking rate in the United States. Thus, while examination of these processes in a more nicotine-dependent sample may provide additional insight into these important relations, it is also possible that this current sample is representative to the current demographic of smokers, at least in terms of smoking behavior/rate. Also, our sample met for a wide range of co-occurring psychopathology and substance use, perhaps increasing generalizability, with 40.7% meeting criteria for current panic disorder. Despite covarying for panic disorder status in our models, we cannot rule out the possibility that unmeasured affective or cognitive vulnerabilities within this group, or other risk factors associated with high rates of comorbid substance use and psychopathology in our sample, may have driven some of the observed effects. However, our sample was underpowered to examine additional mediators and moderators, and future work seeking to replicate these findings should be open to this possibility. In addition, anxious responding to the challenge was indexed by subjective anxiety rating (SUDS) during the biological challenge. Future work would benefit from examining behavioral responding during the challenge to index intolerance, for example self-initiated termination of exposure to CO 2 -enriched air Brown et al., 2002) , wherein participants are instructed that they can discontinue CO 2 delivery at any point during the task (e.g. pull mask). Such experimental design permits the experimenter to compute a taskpersistence variable-the amount of time participant was able to withstand the physiological discomfort of breathing CO 2enriched air. In the interest of further explicating the difference of emotional reactivity and intolerance, it would be useful for future work to explore how the anxious responding, behavioral intolerance, and perceived distress intolerance (per the DTS) differentially relate to panic-relevant and smoking-relevant responding.
Broadly, these experimental findings add to the growing evidence that, when in the context of an emotional/physiological stressor (in this case CO 2 challenge), distress intolerance is an important individual difference factor relevant to the expression of panic symptoms and experience of withdrawal symptoms among smokers. Clinically speaking, smokers who perceive themselves as being unable to tolerate negative emotional states may be particularly vulnerable to reacting with distress to interoceptive changes (e.g. somatic changes experienced during a cessation attempt due to acute nicotine withdrawal symptoms). Such heightened reactivity may, in turn, increase susceptibility to experience greater panic-like symptoms (even among those smokers with no history of panic psychopathology) and more intense nicotine withdrawal symptoms during acute quitting stages. This process may contribute to increased risk of early termination of a cessation attempt (i.e. shorter time to re-initiating smoking). For these high-risk smokers, it may be particularly important to integrate distress tolerance skill-building into standard cognitive-behavioral smoking cessation programs in order to (a) encourage acceptance of intense, acute, and unpredictable experiences of negative emotional states and willingness to experience such states, (b) provide exposure to panic-like experiences and acute nicotine withdrawal symptoms to practice acceptancebased responding to negative emotional responses (prior to the actual quit attempt), and (c) increase self-efficacy for ability to successfully persist through the cessation processes (Brown et al., 2008 (Brown et al., , 2013 Gifford et al., 2004) .
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